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Association between physician-staffed ambulances and
patient prognoses after out-of-hospital cardiac arrests with
respect to shockable and non-shockable rhythms: a
retrospective observational study in a southern area of
Shiga Prefecture Japan
Fumitaka Kato,1,2 Kazunori Fujino,2 Naoto Shiomi,1 and Yutaka Eguchi2
1Department of Emergency and Critical Care Medicine, Saiseikai Shiga Hospital, Ritto, and 2Department of
Critical and Intensive Care Medicine, Shiga University of Medical Science, Otsu, Shiga, Japan
Aim: Out-of-hospital cardiac arrests (OHCA) are a significant public health problem; to improve patients’ prognoses, various interven-
tions, such as providing physician-staffed ambulances, have been implemented. We aimed to examine whether physician-staffed
ambulances were associated with patients’ prognoses after OHCA with respect to first-monitored rhythms.
Methods: This retrospective observational study was undertaken between 1 September 2011 and 31 December 2015, using data
based on Utstein-style guidelines. We extracted data on age, sex, first-monitored rhythm (shockable or non-shockable), presence of a
witness, bystander cardiopulmonary resuscitation, time from call to arrival at the scene, out-of-hospital adrenaline administration,
out-of-hospital intubation, return of spontaneous circulation before arrival at the hospital, and survival and neurological outcomes
30 days after OHCA, according to cerebral performance categories. We undertook logistic regression analyses to assess the associa-
tion between physician-staffed ambulances and patients’ prognoses.
Results: A total of 882 OHCA patients were eligible for this study. Physician-staffed ambulances attended to 164 OHCA patients.
Multivariable analysis found that in non-shockable rhythm patients, physician-staffed ambulances significantly improved good neuro-
logical outcome (odds ratio, 3.65; 95% confidence interval [CI], 1.28–10.50; P = 0.02), return of spontaneous circulation before arrival
at the hospital (odds ratio, 2.68; 95% CI, 1.62–4.42; P < 0.001), and 30-day survival (odds ratio, 2.90; 95% CI, 1.30–6.45; P = 0.009).
However, physician-staffed ambulances were not associated with patient prognoses in shockable rhythm patients.
Conclusion: Despite our study’s limitations, physician-staffed ambulances might be associated with good neurological outcomes in
non-shockable rhythm patients. Our observations could provide more appropriate prehospital treatment options for OHCA patients.
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INTRODUCTION
OUT -of-hospital cardiac arrest (OHCA) is a majorpublic health problem.1–3 Although various attempts
have been made to alleviate this problem, previous system-
atic reviews and meta-analyses have reported that the sur-
vival rate of OHCA has been unaffected in almost
30 years.4–6 The importance of first-monitored rhythms has
been associated with patients’ prognoses.4,7 For instance,
immediate defibrillation has been shown to improve prog-
noses in OHCA patients.1,8 However, this procedure has
only been adopted for shockable rhythms. In non-shockable
rhythms, physical examination, diagnosis, and medication
are necessary. Moreover, non-shockable rhythm OHCA
patients have been reported to outnumber shockable rhythm
patients.7 Therefore, if non-shockable rhythm patients’ prog-
noses were improved, total OHCA patients’ prognoses
might also be improved.
According to previous studies, physician-staffed ambu-
lances have improved the prognoses of OHCA patients.9,10
The major advantage of physician-staffed ambulances is that
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a physician can exam and surmise the cause of OHCA ear-
lier than emergency medical service (EMS) personnel. Fur-
thermore, various medications, better team management,
and more on-hand personnel could provide better resuscita-
tion efforts for OHCA patients. However, advanced life sup-
port, which includes advanced airway management and
adrenaline (epinephrine) administration frequently carried
out by physicians, has been reported to have worsened the
prognoses of OHCA patients.11,12 Despite the clinical and
public health importance of OHCAs, there has been a dearth
of research investigating the relationship between physician-
staffed ambulances and prognoses after OHCA with respect
to first-monitored rhythm differences. Moreover, this type of
ambulance service is only available in a limited number of
countries.
Hence, we aim to examine retrospectively whether physi-
cian-staffed ambulances can be associated with prognoses of
OHCA patients with respect to first-monitored rhythm dif-
ferences in order to establish when these ambulances will be




THIS OBSERVATIONAL STUDY was based on retro-spectively collected data in a southern area (population,
~335,000; area, ~200 km2) of Shiga Prefecture, Japan. Data
of consecutive OHCA patients from 1 September 2011 to 31
December 2015 were included for the analysis. We excluded
patients aged less than 18 years, those whose cardiac arrests
were caused by trauma, and those for whom information
was missing for the studied variables.
The institutional ethics committee of Saiseikai Shiga
Hospital (Shiga, Japan) approved this study (No. 280), and
the protocol conformed to the provisions of the Declaration
of Helsinki. The requirement for written informed consent
was waived.
Emergency medical services system in Japan
Japan has approximately 800 fire stations with dispatch cen-
ters, and the EMS system is operated through local fire sta-
tions. Generally, three EMS staff members are assigned to
an ambulance, and all EMS personnel are able to provide
cardiopulmonary resuscitation (CPR) for basic life support
and have been trained to use semiautomatic external defibril-
lators and airway devices. At least one emergency life-sav-
ing technician is assigned to each ambulance. Technicians
are allowed to provide extensive resuscitation care, for
example, they can give adrenaline through venous infusion
lines and use advanced airway management, including intra-
tracheal intubation under the guidance of a physician by
telephone. The EMS personnel in Japan are not allowed leg-
ally to terminate resuscitation in the field. Therefore, most
OHCA patients receiving CPR by EMS personnel are trans-
ported to hospitals, with the exception of fatality cases.
Physician-staffed ambulance system in the
study area
Physician-staffed ambulances were available in the study
area of Shiga Prefecture, where two hospitals provide physi-
cian-staffed ambulance services. The first hospital initiated a
physician-staffed ambulance system in September 2011, and
the second in April 2015; systems were both hospital-based.
If ambulances were called for cases of OHCA, EMS
ambulances were dispatched, and emergency call centers
requested physician-staffed ambulances. Physician-staffed
ambulances departed from the respective hospital. The staff
of a physician-staffed ambulance consisted of four people,
including an emergency physician, two medical staff mem-
bers (primarily nurses), and a driver (usually a non-medical
staff member). All physicians had worked in an emergency
department for at least 3 years. They supplied advanced car-
diac life support, intubation, and medications; however, on-
scene percutaneous cardiopulmonary support devices were
not used. Physician-staffed ambulances were available from
08:30 to 17:00 on weekdays in addition to EMS ambulances
and dispatched for all OHCA. At other times, only EMS
ambulances were dispatched for OHCA.
Data collection and quality control
All the data, which were based on the Utstein-style guideli-
nes,13,14 were collected retrospectively. The EMS personnel
recorded the data of OHCA patients under the guidance of a
physician. If the data form was incomplete, we supplied as
much of the missing data as possible through EMS and med-
ical records.
The data were categorized as follows: age, sex, first-moni-
tored rhythm, witness presence, bystander CPR, time from
call to arrival at the scene, out-of-hospital adrenaline admin-
istration, out-of-hospital intubation, return of spontaneous
circulation (ROSC) before arrival at the hospital, survival
and neurological outcomes 30 days after OHCA, and cere-
bral performance category (CPC).5 The first-monitored
rhythm was defined as the rhythm first identified following
arrival of the EMS ambulances or physician-staffed ambu-
lances, whichever arrived first at the scene. We divided first-
monitored rhythms into two groups: shockable (ventricular
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fibrillation or pulseless ventricular tachycardia) and
non-shockable (pulseless electrical activity or asystole).
Bystander CPR included chest compression and rescue
breathing; however, its effectiveness was not taken into con-
sideration. Time from call to arrival at the scene was defined
as the time lapse between the time at which ambulances
were called due to OHCA to the time that the first ambu-
lance, whether it was EMS or physician-staffed, arrived at
the scene.
A patient’s neurologic outcome 30 days after OHCA was
categorized by CPC as follows: 1, good cerebral perfor-
mance; 2, moderate cerebral disability; 3, severe cerebral
disability; 4, coma or vegetative state; 5, death.13,14 We
defined good neurological outcomes as CPCs of 1 or 2.1,13,14
Patient outcomes
Primary outcome was defined as the neurological outcome
30 days after OHCA in both shockable and non-shockable
rhythm patients. Secondary outcome was defined as ROSC
before arrival at the hospital and 30-day survival after OHCA
in both shockable and non-shockable rhythm patients.
Statistical analysis
Summary statistics were used to compare the characteristics
between physician-staffed and EMS ambulances. To deter-
mine the association between physician-staffed ambulances
and prognoses after OHCA, univariable and multivariable
logistic regression analysis was used. Odds ratios and their
95% confidence intervals were calculated. In the multivari-
able analysis, we adjusted for age, sex, witness presence,
bystander CPR, time from call to arrival at the scene, and
adrenaline and intubation. These factors were based on clini-
cal validity.15 Furthermore, we undertook subgroup analyses
to test interactions between subgroup variables and physi-
cian-staffed ambulances in relation to good neurological out-
come.
All P-values were two-sided, and P-values of <0.05 were
considered statistically significant. All statistical analyses
were carried out by using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphi-
cal user interface for R (version 3.3.1; The R Foundation for
Statistical Computing, Vienna, Austria). More precisely, it is
a modified version of R commander (version 2.2-5)
designed to add statistical functions frequently used in bio-
statistics.16
RESULTS
FROM 1 SEPTEMBER 2011 to 31 December 2015,there were 980 OHCA patients. Of these, we excluded
17 patients <18 years of age, 74 patients whose arrests were
caused by trauma, and two patients meeting both criteria.
Furthermore, we excluded five patients without information
regarding their first-monitored rhythm (three patients), CPC
(one patient), and adrenaline administration (one patient).
Therefore, 882 patients were included in this study (Fig. 1).
There were 164 physician-staffed ambulances, nine (5.5%)
of which arrived at the scene earlier than EMS ambulances.
OHCA patients
(n = 980)
Excluded (n = 93)
<18 years (n = 17)
caused by trauma (n = 74)
both (n = 2) 




shockable rhythm (n = 18)
non-shockable rhythm (n = 146)
EMS ambulances
(n = 718)
shockable rhythm (n = 50)
non-shockable rhythm (n = 668)
Eligible but no information (n = 5)
first monitored rhythm (n = 3)
adrenaline administration (n = 1)
CPC (n = 1)
Figure 1. Selection of patients for this study. CPC, cerebral performance categories; EMS, emergency medical services; OHCA, out-
of-hospital cardiac arrest.
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Table 1 shows the characteristics of the OHCA patients
(both shockable and non-shockable rhythm patients) who
were treated by physician-staffed or EMS ambulances.
Physician-staffed ambulances gave adrenaline and under-
took intubation more often than EMS ambulances, before
arrival at the hospital. No statistically significant differ-
ences were observed in age, sex, shockable rhythm, wit-
ness presence, bystander CPR performance, or time from
call to arrival at the scene. Among shockable rhythm
patients, the number of times that adrenaline was given
was higher and out-of-hospital amiodarone was given
more frequently in the physician-staffed ambulance group;
however, no statistical significance was detected concern-
ing the number of shocks and the rate of percutaneous
coronary intervention between the groups (Table S1). In
addition, among shockable rhythm patients, all patients
underwent attempted defibrillation. Among non-shockable
rhythm patients, 38 patients (4.7%) underwent attempted
defibrillation.
Table 2 shows good neurological outcome prognoses.
Physician-staffed ambulances were associated with good
neurological outcome in total patients and non-shockable
rhythm patients. In shockable rhythm patients, although we
controlled for confounding factors, including the use of
amiodarone and percutaneous coronary intervention, to
undertake the multivariable logistic regression analysis for
good neurological outcome, physician-staffed ambulances
were not associated with good neurological outcome
(Table S2).
Table 3 shows ROSC before arrival at the hospital and
30-day survival prognoses. Physician-staffed ambulances
were associated with ROSC before arrival at the hospital
and 30-day survival in total patients and non-shockable
rhythm patients.
Figure 2 shows the subgroup analysis between subgroup
variables and physician-staffed ambulances for good neuro-
logical outcome in shockable rhythm patients. There was no
interaction among subgroup variables. Because good neuro-
logical outcome was not observed in the physician-staffed
ambulance group that experienced unwitnessed OHCA, the
odds ratio and P-value for interaction for the unwitnessed
group could not be calculated.
Table 3. Outcome of return of spontaneous circulation (ROSC) before arrival at hospital and 30-day survival in patients with out-
of-hospital cardiac arrest
Multivariable analysis of ROSC Total Shockable rhythm Non-shockable rhythm
aOR 95% CI P-value aOR 95% CI P-value aOR 95% CI P-value
Physician-staffed ambulances 2.62 1.65–4.18 <0.001 2.22 0.28–17.5 0.45 2.68 1.62–4.42 <0.001
Age 0.98 0.97–1.00 0.010 0.97 0.94–1.01 0.11 0.99 0.98–1.01 0.23
Sex (M/F) 0.70 0.47–1.04 0.070 0.65 0.15–2.80 0.56 0.62 0.40–0.97 0.03
Witness presence 3.81 2.52–5.75 <0.001 1.9 0.43–8.36 0.40 3.34 2.13–5.24 <0.001
Bystander CPR 1.06 0.71–1.56 0.780 1.12 0.37–3.42 0.84 1.00 0.65–1.55 0.98
Time from call to arrival
at the scene
0.96 0.88–1.04 0.320 1.00 0.79–1.26 0.98 0.95 0.86–1.04 0.25
Out-of-hospital adrenaline 1.75 1.14–2.67 0.010 0.20 0.06–0.72 0.01 2.46 1.54–3.93 <0.001
Out-of-hospital intubation 0.56 0.32–0.97 0.040 1.51 0.21–10.80 0.69 0.43 0.23–0.81 0.009
Multivariable analysis of 30-day
survival
aOR 95% CI P-value aOR 95% CI P-value aOR 95% CI P-value
Physician-staffed ambulances 2.57 1.32–5.03 0.006 2.75 0.31–24.2 0.36 2.90 1.30–6.45 0.009
Age 0.96 0.95–0.98 <0.001 0.95 0.91–0.99 0.01 0.97 0.95–0.99 0.009
Sex (M/F) 1.00 0.57–1.76 1.000 0.74 0.15–3.68 0.71 0.83 0.42–1.63 0.590
Witness presence 14.9 7.20–30.80 <0.001 1.12 0.23–5.35 0.89 16.80 7.52–47.2 <0.001
Bystander CPR 1.01 0.57–1.77 0.980 0.91 0.28–2.96 0.88 0.94 0.46–1.90 0.850
Time from call to arrival
at the scene
0.84 0.74–0.96 0.009 0.95 0.73–1.23 0.71 0.79 0.67–0.93 0.005
Out-of-hospital adrenaline 0.39 0.20–0.74 0.004 0.18 0.05–0.66 0.01 0.38 0.17–0.89 0.020
Out-of-hospital intubation 0.67 0.30–1.53 0.350 0.63 0.08–5.03 0.66 0.45 0.15–1.40 0.170
aOR, adjusted odds ratio; CI, confidence interval; CPR, cardiopulmonary resuscitation; F, female; M, male.
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Figure 3 shows the subgroup analysis between subgroup
variables and physician-staffed ambulances for good neuro-
logical outcome in non-shockable rhythm patients. Bys-
tander CPR had a statistically significant association with
good neurological outcome. Because good neurological out-
come was not observed in the physician-staffed ambulance
group that experienced unwitnessed OHCA, the odds ratio
and P-value for interaction for the unwitnessed group could
not be calculated.
DISCUSSION
IN THIS RETROSPECTIVE study of 882 OHCApatients, we made several important observations. Physi-
cian-staffed ambulances were not associated with good neu-
rological prognoses, ROSC, or 30-day survival in OHCA
patients whose initial rhythm was shockable. In contrast,
these ambulances significantly improved the rate of good
neurological outcomes, ROSC, and 30-day survival in
OHCA patients who initially had non-shockable rhythms. In
addition, in non-shockable rhythm bystander CPR patients,
physician-staffed ambulances were associated with good
neurological outcomes.
Several reasons were possible for the fact that physi-
cian-staffed ambulances were not associated with the
prognoses of shockable patients in this study. First, it is
well known that immediate defibrillation is the most pre-
cise factor for predicting favorable prognoses for OHCA
patients. Second, although there is an advantage in hav-
ing a physician’s knowledge of anti-arrhythmia medica-
tions, the effects of such drugs on OHCA patients were
not established. Third, on-scene percutaneous cardiopul-
monary support devices were not used, which might have
given a powerful advantage to physician-staffed ambu-
lances.
In non-shockable rhythm patients, physician-staffed
ambulances were positively associated with good neurologi-
cal outcomes, ROSC, and 30-day survival. One previous
Age
≤65 years (n = 33)
>65 years (n = 35)
Sex 
Male (n = 53)
Female (n = 15)
Witness presence
Witnessed (n = 16)
Unwitnessed (n = 52)
Bystander CPR
Bystander CPR(+) (n = 29)
Bystander CPR(–) (n = 39)
Time from call to arrival at the scene
≤7 min (n = 36)
>7 min (n = 32)
Out-of-hospital adrenaline
Adrenaline (n = 35)
No adrenaline (n = 33)
Out-of-hospital intubation
Intubation (n = 16)
No intubation (n = 52)
All patients (n = 68)
Subgroup OR (95% CI)
1.33 (0.25 – 7.17)
0.30 (0.03 – 2.86)
0.60 (0.11 – 3.35)
0.29 (0.03 – 2.69)
0.90 (0.25 – 3.25)
N/A
0.98 (0.18 – 5.23)
0.41 (0.07 – 2.29)
0.56 (0.12 – 2.65)
0.71 (0.11 – 4.44)
1.64 (0.28 – 9.58)
0.81 (0.10 – 6.58)
0.60 (0.04 – 9.16)
1.07 (0.16 – 7.06)
0.63 (0.19 – 2.04)









Figure 2. Subgroup analysis between subgroup variables and physician-staffed ambulances for good neurological outcome in out-
of-hospital cardiac arrest patients with shockable rhythm. CI, confidence interval; CPR, cardiopulmonary resuscitation; N/A, not appli-
cable; OR, odds ratio.
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study reported a relationship between physician-staffed
ambulances and ROSC and 30-day survival,10 which mirrors
the results of our study. However, that study did not investi-
gate the relationship between physician-staffed ambulances
and prognoses after OHCA with respect to first-monitored
rhythm differences. Furthermore, physician-staffed ambu-
lances were associated with good neurological outcomes in
non-shockable rhythm patients. One reason for this could be
that the early adrenaline administration and endotracheal
intubation might contribute to an elevated rate of good neu-
rological outcomes, ROSC, and 30-day survival in non-
shockable rhythm patients. Although some studies have
reported that these procedures were less effective in provid-
ing good neurological prognoses,11,12 two recent studies
have shown that early performance of these procedures was
useful in non-shockable rhythm patients.17,18 In physician-
staffed ambulances, the use of adrenaline and endotracheal
intubation might be initiated earlier than in EMS
ambulances.
In the subgroup analysis, bystander CPR had a statisti-
cally significant association between physician-staffed
ambulances and good neurological outcome in non-shock-
able rhythm patients. In this study, bystander CPR effective-
ness was not taken into consideration; however, it might be
possible that, if physician-staffed ambulances could select
non-shockable rhythm and bystander CPR patients, these
ambulances could be more effective.
Although it could be advantageous that physicians can
examine and surmise the cause of OHCA earlier in non-
shockable rhythm patients, our study was unable to show that
physicians’ assistance in these cases was necessary. Early use
of adrenaline and endotracheal intubation could be useful;
therefore, if EMS ambulances could undertake these proce-
dures early, there might be no difference in outcomes between
the ambulance types. Therefore, it could be difficult to show
that physicians’ knowledge and experience were necessarily
beneficial. However, further well-designed prospective inves-
tigations are needed to make this determination.
Age
≤65 years (n = 138)
>65  years (n = 676) 
Sex 
Male (n = 426)
Female (n = 388)
Witness presence
Witnessed (n = 289)
Unwitnessed (n = 525)
Bystander CPR
Bystander CPR(+) (n = 376)
Bystander CPR(–) (n = 438)
Time from call to arrival at the scene
≤7 min (n = 408)
>7 min (n = 406)
Out-of-hospital adrenaline
Adrenaline (n = 203)
No adrenaline (n = 611)
Out-of-hospital intubation
Intubation (n = 145)
No intubation (n = 669)
All patients (n = 814)
Subgroup OR (95% CI)
2.95 (0.66 – 13.20)
1.43 (0.46 – 4.46)
2.49 (0.82 – 7.50)
1.11 (0.23 – 5.29)
2.37 (0.91–6.14)
N/A
6.60 (1.44 – 30.20)
0.89 (0.25 – 3.16)
1.64 (0.57 – 4.75)
2.06 (0.39 – 10.80)
3.71 (0.33 – 41.70)
2.20 (0.79 – 6.20)
10.16 (0.48 – 215.83)
1.67 (0.61 – 4.62)
1.82 (0.75 – 4.44)









Figure 3. Subgroup analysis between subgroup variables and physician-staffed ambulances for good neurological outcome in out-
of-hospital cardiac arrest patients with non-shockable rhythm. CI, confidence interval; CPR, cardiopulmonary resuscitation; N/A, not
applicable; OR, odds ratio.
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Our study showed that physician-staffed ambulances
might be associated with good neurological outcomes in
non-shockable rhythm patients. It might be possible that, if
physician-staffed ambulances could select non-shockable
rhythm and bystander CPR patients, these ambulances could
be more effective. However, in shockable rhythm patients,
these ambulances might not be associated with patients’
prognoses.
To the best of our knowledge, this is the first report show-
ing the impact of physician-staffed ambulances on OHCA
patients classified by their first-monitored rhythm. There-
fore, our results could identify the cases for which physi-
cian-staffed ambulances would be the most useful.
Limitations
Our study had several potential limitations. First, it was a
retrospective observational study undertaken in a specific
area, thereby limiting data selection. Second, in this study,
physician-staffed ambulances were only dispatched in the
daytime, on weekdays. It has been reported that the time
of OHCA (weekdays, holidays, daytime, and night-time)
was associated with patients’ prognoses,19,20 a factor
which was not accounted for in this study. Third, a lack
of data might have influenced the results of this study. For
example, mechanical chest compression,21 complicating
disease processes, differing locations where the OHCA
occurred, differing abilities of EMS personnel, and in-hos-
pital procedures performed (e.g., treatment for hypother-
mia and use of percutaneous cardiopulmonary support
devices) were not collected. In addition, we were unable
to discern whether or not bystander CPR was effective.
Fourth, while physician-staffed ambulances transported
OHCA patients to the nearest hospital, there was trans-
portation bias. Ambulance personnel selected the destina-
tion hospital depending on the condition of OHCA
patients, as there was a difference in treatment that could
be carried out at each hospital. Finally, because our study
was confined to a restricted area in Japan, outcomes can-
not be generalized to other countries with different physi-
cian-staffed ambulances and EMS systems.
CONCLUSIONS
DESPITE OUR STUDY ’s limitations, our results sug-gest that, in shockable rhythm patients, physician-
staffed ambulances might not be associated with their prog-
noses. However, in patients with non-shockable rhythm,
these ambulances might be associated with good neurologi-
cal outcomes. Our observations could influence future staff-
ing requirements in ambulances and, in turn, provide more
appropriate prehospital treatment options for OHCA
patients.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:
Table S1. Characteristics of patients with out-of-hospital
cardiac arrest (OHCA) and shockable rhythm. This table
adds variables (the number of shocks, the number of times
that adrenaline and out-of-hospital amiodarone were given,
and the frequency of percutaneous coronary intervention) to
information supplied in Table 1.
Table S2. Good neurological outcome in patients with out-
of-hospital cardiac arrest (OHCA) and shockable rhythm.
This table adds variables (out-of-hospital amiodarone and
percutaneous coronary intervention) to information supplied
in Table 2.
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